Abstract. The Gaerttner LINAC Center at RPI uses a 60 MeV electron linear accelerator to produce short pulses of neutrons with duration of 5-5000 ns. The main research thrust at the Center is nuclear data for nuclear reactors and criticality safety applications. The Center includes several setups for time-of-flight measurements including neutron transmission, capture and scattering detectors, and a lead slowing-down spectrometer. Experiments were designed to produce neutron interaction cross sections that cover the energy range of 0.01 eV to 20 MeV. Recently added experiments include: setups for keV and fast neutron transmission, a C 6 D 6 detector array for keV neutron capture measurements, and a fast neutron scattering system. Results discussed here include fast neutron scattering and angular distributions for nat Fe, iron capture measurements for incident neutrons from 1 keV to 2 MeV, fast neutron transmission through W and H 2 O samples, and keV transmission through Mo isotopes.
Introduction
The Gaerttner LINAC Center at RPI utilizes a 60 MeV electron Linear Accelerator (LINAC) to produce short pulses of neutrons used for time-of-flight measurements of nuclear data [1] . Recent developments include measurement setups for keV and fast neutron transmission, fast neutron scattering, and keV neutron capture. Each setup is a combination of a neutron production target with a detector array and the LINAC operated at appropriate conditions. These new capabilities provide new accurate experimental data that can help improve current evaluations. Table 1 gives a list of the recently added experimental capabilities discussed here. Each setup uses its own data acquisition system, and some experiments on different flight paths can be performed simultaneously and thus better utilize the LINAC operation time. 
Experimental Setups

Results
Examples of recent experimental results utilizing the configurations shown in Table 1 are reviewed next:
Fast neutron transmission
The setup of this detector was described in detail in reference [6] where the detector was located at the 100m flight station. For the measurements described here the detector was located at a 250m flight station utilizing two detector modules. For this type of experiment, the LINAC typically operates with a pulse width of 6-8ns and repetition rate of 400 pulses/s. Recent experiments include transmission of nat Pb, nat W and H 2 O. The measured transmission of nat W is shown in Figure 1 left, and provides a good example of the capabilities of the system to help resolve differences between evaluations and provide new experimental data where none existed before. Above 6 MeV the experimental data agree well with the experimental data of reference [7] and with the ENDF/B-VII.1 [8] evaluation. Below 6 MeV there is a discrepancy between the evaluations and also with the RPI experimental data.
One of the materials evaluated in the CIELO [9] project is 16 O. Previously, Cerjacks measured the total cross section of oxygen in two experiments; the first was published in 1968 (CI68) [10] . The second paper 1980 (CI80) [11] mentions that the experiment was normalized to the 1968 experiments at 3.5 MeV. However, the EXFOR data do not seem to include this normalization. The CI80 experiment is the highest energy resolution experiment for 16 O, and thus it is important to clarify its normalization. A high accuracy transmission experiment was designed at RPI to resolved this normalization issue using water samples and using the ENDF/B-VII.1 evaluation to correct for the H 2 in the sample. The experiment was designed such that at the minima of the 16 O cross section near 2.35 MeV, the cross section of H 2 is measured. This serves as a verification of the normalization of the current transmission experiment. Figure 1 right shows the results of this measurement. It was found that for the energy range of 3.2 MeV < E < 6 MeV the ratio of the CI80 data to the RPI experiment was 0.968 ± 0.002 where the ratio of the CI68 data to the RPI experiment was 1.009 ± 0.002. At the 16 O minima near 2.35 MeV the ratio of the H 2 O to H 2 transmission was 0.996 ± 0.003. The energy resolution of the new RPI measurement is lower than the CI80 experiment but higher than the CI68 experiment. The finding for the CI80 experiment supports the normalization used in reference [12] (reduction of 3.5%) to agree with the Johnson experiment [13] .
Mid energy (keV) transmission
The Mid-energy transmission detector setup was described in detail elsewhere [14] . This detector uses an array of four Li-glass detector modules located at 100m flight path. It was designed to cover the energy range from a couple of keV to 0.5 MeV, which includes resolved and unresolved regions. The results of measurements of Mo isotopes can be found in references [14] and [15] . An example of the transmission of Mo isotopes is shown in Figure 2 with the ENDF/B-VII.0 evaluation. The new data show resonance structure that is not in the current evaluation and can be used to revise the evaluation. The data were used for unresolved resonance analysis in reference [15] . 
Mid energy (keV) capture
An array of four C 6 D 6 detectors was constructed at a dedicated 45m flight station. This setup was designed to extend the upper energy of capture measurements from ≈2 keV to ≈2 MeV. The C 6 D 6 detector concept is well established, see for example [16] , and was chosen because it provides low 02001-p.3 sensitivity to scattered neutrons. However, in order to reduce the sensitivity to variations in the capture gamma cascade spectra and to account for the detection efficiency, a weighting function is needed. To provide all the data necessary for applying a weighting function and for flexibility of the data analysis, all 4 detectors were digitized with 10 bit pulse height resolution and 0.8 ns timing. To process the data a new multithreaded data acquisition system and data processing codes were written. The first measurements with this system were for nat Fe and Ta samples. A measurement of 56 Fe was also recently completed. Fe has a capture cascade that is dominated by high energy gamma rays (≈7 MeV) which allows discrimination of the gammas from first inelastic state. Previous experimental data are available up to 200 keV, and one set by Spencer (measured at ORELA) that was not published is available up to 600 keV. Above this energy only a few experimental points exist. An experiment with nat Fe was performed, and a dedicated weighing function was used for the analysis. The neutron flux shape was measured using a B 4 C sample. The experimental results, evaluations, and other experimental data are shown in Figure 3 . For comparison with other experiments both the RPI experimental capture yield and MCNP simulations were converted to cross sections using the thin sample approximation. Above 847 keV inelastic gammas were measured but can be discriminated as illustrated in Figure 3 . Multiple scattering was estimated using MCNP. Above 850 keV the new data is in good agreement with the evaluations and other available experiments. Above the first inelastic state of 54 Fe at about 1.4 keV the new data is substantially lower than the current evaluations. A capture measurement of 56 Fe was performed (analysis in progress) which might help resolve this issue. Above 600 keV the plots also illustrate the increase in count rate due to inelastic gammas that was eliminated by increasing the pulse integral discriminator settings.
Fast neutron scattering
The neutron scattering detector array was previously described in detail [4] . Recently the data analysis codes and methodology were improved [17] . This includes better pulse shape classification for gamma rejection and implementation of a gamma rejection technique for high gamma rates. These developments enable neutron scattering measurements in the presence of high gamma background such as for 238 U and 235 U where fission is occurring and producing multiple gammas. Although this system is referred to as a neutron scattering system, it measures all the neutrons scattered or emitted from the sample. The experimental data were then compared to MCNP simulations that included detailed experimental parameters such as geometry, incident neutron flux, and detector efficiencies. This method provides a benchmark to compare how different nuclear data evaluations perform. For the case of Fe a method was developed to separate elastic from inelastic scattering. This is possible because of the relatively high energy levels for inelastic scattering which results in a large difference between elastically and inelastically scattered neutron. The scattered neutron energy can thus be inferred from the detected pulse shape. As an example the results for a scattering angle of 153 deg are shown in Figure 4 . A comparison of the experiment and evaluations in Figure 4 indicates that for some time-of-flight regions the JEFF-3.2 [18] and JENDL-4.4 [19] evaluations are closer to the experiment compared to ENDF/B-VII.1. The ratio of inelastic to elastic scattering is in good agreement with the evaluations. For some of the points ENDF/B-VII.1 seems slightly higher than the other evaluations and the experimental data. 
Summary and Conclusions
The Gaerttner LINAC Center at RPI added new capabilities, and some of them are presented here. Fast neutron transmission of W shows large deviations between the evaluations and the RPI experiment near 2.5 MeV. Fast neutron transmission through H 2 O provides new high resolution data for 16 O below 3.2 MeV where the CI80 starts. The measurement also established that the CI80 [11] is about 3.2% lower than the CI68 [10] . The current experiment uses the unique minima in the 16 O cross section as an anchor for the normalization of the data. A mid energy Li-Glass detector array enabled new transmission measurements on several Mo isotopes. The data showed resolved and unresolved resonance structure that can help improve the evaluations. New capture measurements of Fe in the keV and MeV incident neutron energy regions were enabled by a new C 6 D 6 detector array.
